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INTRODUCTION 

The chief contributors to the subject of the physiolo^^y of milk forma- 
tion in the mammary gland have chosen as the foundation for llieir 
theories the grounds of analogy with the mode of fornration of the sct're- 
tion in the two types of glands, sebaceous and salivary, and as ix)sitive 
evidence have cited histological studies of the luanmiary tissue. On sucli 
grounds the conclusions are likely to be weak. As yet there has been 
little attempt to use the store of accurate matlicmatical data on the 
composition and variation of the milk constituents for the analysis of 
this problem. 

The investigation reported in this paper is an attempt to analyze the 
variations and associations of the constituents of Holstcin-Tricsian milk 
to furnish definite mathematical evidence bearing on the problem of the 
kind of mechanism liberating these constituents to form the fluid known 
as milk. The specific problems and the viewi>oints taken in this paper 
may be best understood by considering the natural divisions into which 
milk secretion falls. The mammary functions may be divided into two 
main divisions. The first of these has to do with the formatiim of tlie 
materials of milk before the constituents are finally brought together as 
milk The second has to do with the release of the complete product, 
milk. The first of these needs only concern us. This i)roblem may be 
again narrowed to exclude the genetic differences w'hich most certainly 
exist between individual cows. Given the constituents of cow’s milk, 
our problem is thus limited to the manner in which these constituents arc 
released into the milk ducts. Is it through the secretory action of the 
gland cells or is it through the destruction of the wTiole or a part of these 
cells? Toward the analysis of this problem and related problems the 
data on the variations and associations of the constituents of cow's milk 
have been collected. The special problems bearing on the question will 
be discussed in connection with the data of the later sections tff the paper. 

> Pajxn Irom the Biological Laboratory ol the Maine Agricultural Station No. ui. ThU papw i* the 
fourth ol* series of studies on milk now being conducted in the Biological Lidjor^Uify <A the Maine Station. 
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MATERIAL AND METHODS 

The Holstein-Friesian Association (75)’ has, as part of its semiofficial 
advanced registry work, collected a considerable amount of data on the 
yearly production of Holstein- Friesian cows. The majority of these 
records contain the following data : The name, advanced registry num- 
t)er, and herd-book number are given, together with the volume where 
the last entry record was made, as the requirements of the semiofficial 
test include the making of the 7-day official test. The rest of the ani- 
mal’s record includes age at calving, length of record, weight of milk, 
percentage of butter fat and total weight of butter. Some of these 
records, fewer than we could desire but still far more ample than those 
of any other known breed, give the total solids for the milk produced. 
These records w'ill furnish the material for the analyses of the problems 
previously indicated. 

The objection may be raised that these data are not accurate, since 
they are taken from this tyj^ of record. It is realized that there may 
l>e some justice in the criticism; yet the inaccuracy should not be magni- 
fied. Any advanced registry system must be subject to all the criticism 
that may be brought against these particular records. Criticism can not 
be made on the ground of conscious inaccuracy due to poor management 
on the part of the association officials, as every record is carefully checked 
for inaccuracies. Each record is under oath as to its accuracy by both 
parties, the tester, and the owner. The only justifiable criticisms which 
can be brouglit arc those of tlic personal equation type, errors from the 
variation in the values as read by two different men. These errors can 
not at any time be very great. They constitute that group of errors 
wliich are as likely to go one way as another — that is, they should counter- 
balance. 

The methods used are, in general, those of any adequate statistical 
treatment of a quantitative subject. The constants for the distribu- 
tions, means, standard deviations, and coefficients of variations are cal- 
culated by the usual formula for grouped distributions and w’ithout the 
use of Sheppard {27) correction. The correlations are calculated from 
the correlation surfaces by the usual Bravais fonuula. The necessity oi 
correcting for the effect of age and quantity of milk in the comparison 
with tlie amount of butter fat and solids-not-fat have made necessary 
tlic use of partial correlation coefficient to measure such association for a 
constant value of the disturbing variables. These constants have been 
calculated from the ordinary correlations by the method devised by 
Pearson (->!).* 

VARIATION OF MILK, BUTTER FAT. AND SOLIDS-NOT-FAT 

Some study of* the variation of the milk and butter fat have been 
made, notably those by Gavin (u), Vigor {^4), and Pearl (20), w'here 
definite variation constants have been determined. These studies m- 

' RckrfiK'c is luadc by niitnber lo ‘ Literiture cited”, p. 99-107. 
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elude chiefly the determination of the relation of this milk anti butter fat 
as it varies within itself and as it varies with age. They do not con- 
sider the relation of the variation of the other solids; in fact, the avail- 
able material has been wanting. Such variation constants are highly 
desirable; in reality, indispensable for the succeeding studies that are to 
follow. 

These Holstein-Friesian data are exceptional in that they are accurate 
data taken from one breed under the best of conditions. The material 
as tabled is taken from volumes 18 to 28 of the Advanced Registry of the 
Holstein-Friesian Association (15) for their semioflicial year records. All 
of the records for milk, total solids, butter fat, and solids-not-fat are for 
365 days. The constants are calculated from the grouped frequencies of 
the formed correlation tables (IV to IX). It is evident from the correla- 
tion table for age and irercentage of solids-not-fat that one error probably 
exists in the records either from a tyix>graphical cause or from an error 
in the determination. I shall therefore give the constants lx)th for this 
animal included and for the distribution where it is omitted. Table I 
shows the means, standard deviations, and coefficients of variation of the 
variates. The tw’O values of some of the constants in this table arc, first, 
those for the whole population of the Holsteind'ricsian milch cows, and 
second, those for the population which also records the values f»)r the 
total solids. 


Tabi.R I. — Fundamental constants /or Holsicin-J-rustan mean /Todjfdion of vtxik 
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The following facts are easily deducted from Table I: The Holstein- 
Friesian cows making the semioflicial record have a mean milk production 
of slightly over 15,000 pounds of milk, containing alxmt 52P jxmnds of 
butter fat and 1,300 pounds of solids-not-fat. The ratio of the sfdids- 
not-fat to the butter fat is approximately 2.5 to i . Taken in the form pf 
percentages, the Holstein-Friesian milk contains slightly 'over 1,2 jx-t cent 
of total solids, composed of 3.43 per cent of fat and 8,60 per cent of solids- 
not-fat. The mean age of the group is slightly more than 4 years, 'fhe 
animals who have total-solids records are, on the average, alxjut K >'ear 
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older than those without such records. This is no doubt due to the 
progressive tendency to test young animals and to select animals for high 
pro(lucti(jn. The animals whose total-solid records were determined are 
found in the earlier herd l)ooks. 

It is interesting to compare these values with the milk of other breeds. 
To facilitate this, Table II has ten drawn up. The data for this table 
have l)eeii gathered from many sources, chief among which are the papers 
of the Agricultural Experiment Stations and the analyses of public 
ch enlists. Each tabulated value is, in general, the mean of a considerable 
niiniber of observations and may be considered close to the true value. 
ITih^rtunately it is not jxissible to obtain the original data so that the 
other variation constants could be obtained. 

TabiJv II . — Mean milk constituents of (he different breeds^ 
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Solid s-not- 
fat. 

Ratio 
solids- not- 
fat to 
butter fat. 
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o Tlif rcfcT«ic« to thf dal* ctjmbinevl in tht?! table will be found in the following numbered papers ci the 
"Literalure iliteA”: i, 7, 10, [.t, 14, 19. >4. JO, 4^. 


These data are not entirely satisfactory, representing, as they do, data 
collected under a great variety of conditions. This heterogeneity is un- 
fortunate.* Two errors are easily discernible: The fat percentage of the 
Hoi stein- Friesian is about o. i per cent too low, and the fat percentage of 
the Guernsey from unpublished data on 4,900 animals for a year’s test 
is *4.9 instead of the 4.53 of the above list. How^ever, this is the only 
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material a\’ailable wherf any number of animals are tested for tlieir total 
solids and percentage of fat. The belief is held that even with these 
discrepancies the table \rill give a fair comparative view of tlie average 
composition of the milk of the various breeds includeil. Taken at their 
face value, the data show that the butter fat pereenUige in tiie dilTerent 
breeds varies between 3.05 and 5. 1 2 per cent. Similarly, the total st»Iids 
are shown to vary between 1 1.54 and 14.39 i^itd the solidsoiot-fat between 
8.04 and 9.79. This would make the average enmijK)sitiou of the llol- 
stcimFriesian breed rather lower than most of tlie other breeds, both in 
the |)ercentage of butter fat and in the total st)Iids. If we consider now 
the ratio of the s(dids*not-fat to the butter fat when the milk is constant, 
the values of the ratios run between i.S and 2.81. This means that the 
breed considered in the data has a liigh projx)rti()n of solids- not Tat. 
There appears to be an association between the percentage of fat charac- 
teristic of the breed and the content of the solids-not-fat carried iji the 
milk — that is, tlie Jerseys, with their high fat percentage, also have an 
increased amount of the solids-not-fat over the other breeds, and the 
Holland, one of the lowest breeds, also has the Itm-est amount of solids- 
not-fat. This increase does not go up in direct profiortioii to the amount 
of fat present in the milk, as a glance at the proportion «)f the two will 
show. It will remain for a later section to show how these constituents 
vary within the Holstein-Fricsian race. 

Data have been tabulated to show the dilTerences in the milk of dilTcrcnt 
species of animals (Table III). 

TAIiLR in.-— .Umn wt!k conitaucfi/.i nf i/ifTrfcnt of tmiindh 
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• Tb* reJerencts to the data named in this taV)lc will be found in the foUowing numbcM the ''I.itera- 
ture dted." s, 6, 8, 9, 18, 22 , 25, 26. 29, jj, 38. 


The data given above are open to the same criticism as that in Table I J, 
and are to be taken with the same limitations. 

The milk of the different species varies considerably both in its butter- 
fat content and in its solids-not-fat. The lowest i>ercentage of fat pro- 
duced is 0.90 per cent, found in the milk of the ass. The milk of the m^re 
CJorresponds closely to this, 0.99 per cent. The highest percentage of 
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butter fat is 7. 17 per cent, contained in the milk ofthe ewe, closely followed 
by that of the Indian buffalo and the srjw. The milk of the dairy cow 
is afKfUt intcnnediale between these two extremes. The colostrum is 
lower in its fat ermtent than is cither of the normal milks of the same 
s|X:cies. The solids-not-iat content varies from 8.61 per cent for the cow 
to I i .oi per cent for the iionnal milk of the species included in the table. 
It reaches its hi;,du'>t value in the colostrum, where the cow’s milk in- 
cludes as much as 20.^8 per cent. The same general association is also 
seen in the milk of the dilTereiit species that are present in the milk of 
tlic diiTereiU breeds -that is, the milk of species containing a low per- 
ceulage of fat contains proportionately more solids-not-fat than does the 
spet ies which contains the higher percentage of fat. The species con- 
taining a low percentage of fat contains less actual solids-not-fat per 
Imiidrcd pounds rg milk than does the s[>ecies containing a higher per- 
centage fat. 

A au vev of Table 1 shows that the most variable character in the 
Holstein l'rit->i:ins, is the age included in the tests. This has a very high 
cocUlcienl of variation, the. higliesl slunvn by any of the measured char- 
actci<, empliasi/ing the need of a ])roper age correction when the amount 
of milk is to l)e studied for its hereditary behavior. 

The next highest variation coctTicient is that for milk (24.3). This is 
clo-.clv followed by the variation coeilicients for butter fat, 21.0; solids- 
not fat, and total solids, lo.g These last four coeflicients may be 
(.‘onsiileri (1 as dependent variables ami owe part of their vaiiation to 
variations in other characters. Thus, the large constant of variation 
for llie amount of milk is due in smirn part to the age dilTcrcnces in the 
animals included, for, as has already been shown, milk production rises 
in a logaritlimic curve with increasing age. Again, as will be shown 
later, the relation of the milk Lsmstitiicnls to the amount of milk is Sf> 
cl(»se that a large ixut of their variatujii may be explained by variations 
in ll:e amount of milk. As a matter of fact, these data are not needed 
here, for when the coclTicients of wiriation for the ])erecntages of butter 
fat, solids 'iiotTat, and total solids are considered, it is seen that the 
coeiVicieiUs are letUiced to 0.2, 3.9, and 4.3, respectively, or coeflicients 
which compare rather ta\‘orablv with physical variables. The high 
coelTieients of the milk solids are thus shown to be due to the variations 
in aiuount of milk and not to variations in percentage contents of these 
constituents. 

•FACTORS AFFECTING THE COMPOSITION OF MILK 
.Vlreadv some work has been done on factors affecting the composition 
of milk by Wilton (37) and by Pearson {21-2^), In his studies Wilson 
attempts *to sliow that the percentage of butter fat is not dependent on 
the amount of milk. The methods used to draw this conclusion are, 
aepording to Pearson, open to criticism on the following grounds : The tail 
frequencies arc clubbed together so that the real correlation can not be 
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determined, and the means of the separate distributions lead us to u 
correlation ratio, which, while small, is liiijhlv si;;;mitieant in showiiij^ the 
dependence of butter-fat concentration on amount of milk. 

These studio limit themselves to the relation of butter fat to (he milk. 
In dealing with this question the association of the ])erceiUage suli<ls- 
not-fat with the quantity of milk produced will also be studied. 'I'aldes 
IV and V show the correlation surfaces for weight of milk ami percentage 
of butter fat and the age of the cow and the percentage of butler fat. 

TablK IV ". — Correlaiioft surfjti^ for amouut of wiik onJ f'on'intii^y .</' l.Oltt fat as 
niii'idu 
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A glance at these tables shows that there is little correlation between 
butter fat percentage and the weight of milk or age at test for the Hob 
slein-I'riesian cows. It seems well before tabulating these coefficients 
that we consider the elTect of increased production in Holstein- Friesian 
cattle on the percentage of s^dids-not-fat contained in the milk. Two 
tables similar to those al>ove are necessary for this comparison. These 
data are given in Tables \ I and VII. 

VI. surfiu' for tho amount of milk produced in one year and the per- 

ccntUije of ',oluU nul fat contaxned tn the milk of HoUtein Friesian coas 


efri.cnU;:c o/ solidii-not'liit. 



TaiiLj; \"ll . — ( or relation surfaee for the rnriahles age at test and percentage of soUds not 
fat for the semiopieuil year records of Holstein-Freisian cous 


CcrtnitaKe of soluls-not-fat , 



It will be Aoticed that in both Tables VI and VII there is one value 
(in parentheses) far removed from the distribution of the other entries, 
h $cenis desirable to detennine the correlations with this value included 
and excluded. Consequently, the correlations will be given both with 
and without it, since it is highly probable that some error has crept 
into the determination of the solids for this test. 
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Table VI 11 gives the values of the C(.)rrclation ci>orticieJits and the 
correlation ratios, together with the constants to show the approach to 
linearity of the regression lines. 
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not-lat 

Age and percenuce of solids-not-fat 


r 


i 

3- 0977 ifi r 1 i 
.o<;4ti± .oiSi 

Cl. I.’t! 1 0.01^1; 

• 1.4 J si; .UI7H ' 

0. i j j 1 
• lyi? 

.0553i: .0367 

.1161 i •03^4 

• '^57 

,i6i2-t .0359 

■ ?34> t .0348 ; 


- 2iyi± -0351 

. 137^i: - 0.i6j 1 
. J4S9i: -PJ47 

. 203 J 
, 1 sit 1 


1.' iMf>i ) o. tp(>j4 

.0104 J •CX17 H 
.OiKSj; .OIJ 4 

.oljul: .i;k>,S 4 


This table shows that the weight of milk pioduced in a year is nega- 
tively correlated with the percentage of butter fat and of solids lutt fat 
contained in this milk. In each case the correlation is low, in iwitlivr 
case being as great as -o.i. For the butter fat percentage the corre- 
lation— 0.0977+0.0156, although low, is highly significant, since the 
correlation value is 6.2 times its probable error; or, in oilier words, 
could be expected from random sampling only once in slightly more 
than 100,000 times. The correlation for percentage of solids not fat 
and milk, -0.0553 ±0.0367, is only about half that for the percentage 
of butter fat and milk. Further, this correlation can not be considered 
significant, as it is only 1.5 times its probable error, or about once out 
of three trials a correlation as great or greater than this due to randnm 
sampling would be expected. It will be noted that even where the 
abnormal observation is eliminated the correlation does not increase to 
a value w±ere it becoiifes significant. 

The correlation between the percentage of butter fat and age is slight 
(— o.o 546 ±o.oi 8 i) and in the same direction as that of butler fat and 
milk production — that is, minus. It may possibly be significant, since 
it is about 3.1 times its probable error. Even if it were significant, 
however, it would be scarcely detectable except in a large mass of data 
where statistical methods were applied. 

On the other hand, the correlation bc+ween age at test and percentage 
of solids-not-fat is significant, for, with the doubtful observation, the 
correlation is 4.4 times its probable error, and without this doubtful ob- 
servation the correlation is 6.2 times the probable error. •Furthermore, 
the difiference between the correlation of percentage of butler fat and 
percentage of solids-not-fat in cow’s milk and the age at which the test is 
made ‘ is probably a significant difference. The dilTercnce of the corre- 
lation of the percentage solids-not-fat and age and the correlation be- 


' The probable error erf the difference i< calculated by the usual lormuta i o. 67449 , 

92803®— 19 2 
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tweon the pora*ntage of butter fat and age is slightly over 2.7 times its 
probable ernjr when the doubtful obser\'ation is included in the data. 
The difference and its probable error for this is 0.1066 ±0.0400, or 2.7 
times its pnjbable error when the doubtful observation is included in the 
data. The difference and its probable error for this is 0.1066 ±0.400, , 
or tfie difference is 2.7 times its probable error. When this doubtful value 
is not incliuU'd in the calculations, the difference and its probable error 
lx!coiiies 0.1645 ±<),tj395, 4— limes the probable error, a value which 

certainly re[)resents a greater effect of age on the solids-not-fat content 
of cow's milk than of age on the butterTat content of the same milk. 

.Much the sank- statement holds for the relation of the percentage of 
solids-iiot fat and weight of milk produced and jiercentagc of the solids- 
not-fat and age at test. The difference is of the same magnitude as is 
the difference between [K-rcentage of S(ilids-iiot-fat and percentage of 
butter fat and age -that is, the ditTe fence is only slightly significant if 
we consider the correlation found in the presence of the doubtfvd value, 
and is marke<lly significant when this value is thrown out of the table. 

f.INKARITY OK KUGKKSSION 

'riit' analytical constants necessary to lest the linearity of regression 
are given ill 'fulde \T 1 1 . In every case the correlation ratio is a somewhat 
larger mnuerical ([uaiUily than the correlation coefheient for the same 
table, 'these din'ereiices arc shown to be of little significance in view of 
tlie fact that Z,fi and rj' — are substantially zero. The difference be- 
tween the correlation ratios and the correlation coefficients are probably 
not significant. In only one casi* is the difference if — r" greater than 
three times the prolxihle error (j), and in this case the difference Is only 
5.5 tiniesMhe jirobalde error. For this one case the difference is in all 
ptol)ahility not signiiicant. For the otlier correlations the difference is 
cei'tainlv nut significant. It iup.y be concluded, therefore, that the re- 
gressions are linear and that the correlation coetlicienL represents the true 
correlation. 

The following conclusion may Ix' drawn from the above analysis con- 
cerning the relations between the constituents of cow's milk and the varia- 
bles, age at hegi lining of I lie year test and amount of milk produced dur- 
ing this year test. 

1, As the amount of milk given by the cows in this test increases, the 
jxrctmiage comjx^sition of the butter fat in this milk decreases. The 
amount of decrease is statistically significant. Considered practically, 
this fall in butter-fat content could not bo easily detected in the small 
samples usually handled. 

2. 'fherecs a slightly significant fall of the percentage of butter fat con- 
tained in the milk as age advances. This slight fall may, however, be 
accounted for by the rise in milk production which occurs coincident 
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this increase in age. For the partial correlation between ^KTeviitage of 
butter fat and age, holding the milk production amsiant, is 0.0105 i 
0.0181, or there is no significant correlation. 

3. The quantity of milk produced for the year is entirely independent 
< 5 f the percentage content of the solids-notTat, or jmi in another wav, the 
factor or factors causing liigh or low milk poHluelion are separate and 
distinct from those causing a high percentage of tlu se constituents in the 
milk. 

4. Age is a prominent factor in bringing about the reduction of the 
pCTcenlage of solids-not-fat. 'this reduction is not due to dilTeieuces in 
the amount of milk, as the milk held constant hv the [lailial correlati<m 
method gives practically the same correlation as when the milk jirod no- 
tion is not considered. 

5. D(“crease in the amount of milk raises the percentage of butter fat 
in a greater degree than it nlTects the percentage of the solids-not-fat. 

6. Increas(“d age lias a marked effect in reducing the jHaeeiitage of 
solids-not-fat. It does not so retiuce the percentage of butter fat. 

CORRKLATION lUvTWKI-N THK IU:TTKR I'AT ,\XI) THlv SOIJIiS N( )T- 

I'AT IX COW’S mii.k: 

This question of the correlation between the butter fat aiul the 
solids-not'fat has consideratile inqiortanee for tlu‘ jirobh ins of tlu“ ineeh- 
atiisin of milk seerrdion in tlie mammarv' gland Does this gland sierete 
a high content of butler fat when it secreU-s a high coiiO iit of tin- otlter 
solids— lactose, protein, and ash? Shouhl such an association ixist , it 
tx-cnines evident that the factors h ading to a higli fal eonti n! aho 
lead to a high solids not-fat contetil, 'laki u in conmetioii with iiiiK-r 
theory to account lor llie j)rcsence of tin organic c 'iisiit neiiltf of milk, 
such a correlation indicates a regulatory iiu eiiani^iii whieli balances these 
constituents tr>gelher in similar proportions in any gi\'eu indixidnal cow. 

Apart from tlie i>earing on the problems of the milk secrc’tion, sueli a 
correlation has wider significance. It predicaK s tiiat tin* factors in in- 
heritance for this high content of om* constittieiit also transmits the \irn- 
duction of high content of the other solids. 'I'he problem thus becoiiU's 
important for the student of inheritance of (juantity aiul qualit y in cow's 
milk. 

To answer thest? fpies Lions tor Holstein- I'riesiari cows, it is neces^arv 
to arrange the data for tlie yearly records of butter fat in a table of double 
entry or correlation tal>le. In the arrangement of this tabW' j(x>-]xmnd 
intervals were chose*n as th(' basis of division of lx>lh the- sf)Iids-not fat 
and butter-fat production of the year tests. In the first two obsi-rva- 
tions of the butter fat it is necessary to group these between 280 and y)(> 
pounds and calculate accordingly. The results are given in Table IX. 

Observ’ation easily shows that these two variates, solids-not-fat and 
butter fat of cow’s milk, are highly correlated. The correlation cf^enTi- 
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dent in this case is r = o.899i ±0.0071 and the correlation ratio ij = 
o.f/;2,^>±f).fx/)9. As in the previous tables, the cell which contained 
tiie doubtful ohsen’ation ,is indicated by parentheses. Where this 
doubtful observation is left out of consideration, the correlation rises 
slij^titly to r ■ ±o.rK/)^l, and tlie correlation ratio is 77 = 0.90^14 

±<t.iX 

Taui.C IX. ( ornlntion ‘^lufiKC fur pound!: of !olvb,-noi-fat and pounds oj hulta fat as 
dtdiKvi from sndiiidual ytar records 


Weight (jf butter fat {pounds). 


W. uiil <>\ M)li i . 

IlMlllUlU) 


700 800 

Hoc <jOC 

ijoa 1 ,000 , 

1.000 1 .100 . 

1 . 100 1 , JOO. 

1,^00 I 1,^00 . 

1,^00 1,400 
1,400 I.^OO. 
1,500 i,f;oo, 
!, 6 oo 1 , 700 . 
1,700 1 , 800 . 
1,800 I,<; 00 . 

I.QOO ;, 000 . 

2 .000 2 , too . 

2.100 2,200, 
2,200-2,500 


Total 



5 : 
2,8 i 
40 

2.^ : 
5 


?; : 
24 I 
48 i 


(2) 1 


44 105 I 


4 

9 

25 

41 

47 

47 

50 

39 

30 


These constituents of cow’s milk are shown by these correlations to 
be highly correlatetl variates. This correlation can not be accounted 
for by the regression of solids-not-fat on butter fat, not being a linear 
regression, as even a glance at the values of the correlation coefficient 
and the correlation ratio will convince anyone that they are so nearly 
the same in value as to make it certain that the regressions are linear. 
Consc{|uently it does not seem necessary to calculate the customary 
constants for this linearity, as both 2m and — would be negligible 
quantities. This establishes the conclusion finally that butter fat and 
S4ilids-not-fat contained in cow's milk are correlated variates. This 
correlation t)eing positive, a rise in the amount of either constituent 
also means a rise in the other. 

^Part of tlie correlMion between the butter fat and solids-not-fat may 
be due to Jhe rise in the amount of milk of the different individual cows. 
For the problem of the mechanism of the secretion of these constituents 
this is of especial importance. Tables X and XI give the correlation 
surfaces for the variables. 
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Tabi^E X.—CorrehHon SHtfaie for atKOuni of milk (Ifni atrti^ur.t of huiUt foi iUdiutd 
from individual ycor ftvorJr of IfoUfan-FtitSton covs 


Weight of butter f:ii CIx>un^l^ ■ 


\Vi ighi luilk ( potiiiil- V 

V: I I r 5 r r r 


n r r s l n 


^ ■ 1 


280-300 . . 
300-400 . . 
400-500. . 
500-600. . . 
600-700 . 
700-800. . 
800-900. . 
900-1 ,000. 


Total. 


36 ! 56 
‘2 I 27 


1, 


3 . 

8 I ^ 

( 5 Q). ; ■! 

5 i ’.i 


I 


20 ! 63 i 85 7 j ' 5 (j j 


i 44 

■ . . -i ICS 

■ 

. : . 45 

4 i I : 1 ; M 


1 : ^ i .i.vS 


Table XI.— Corrc/< 76 'on surface for amount of milk and solids not fat (U dcdimd turni 
year rccordf of lloUhin I- noMan taii v 


Wfi).:lu i4 milk fiifniinls’ 


1 ,600 1 ,700 
1 , 700- X ,800 . 
1,800-1,900. 
1,900-2,000. 
2 , 000 - 2 , 100 . 
2 , 100 - 2 , 200 . 
2.200-2,300, 

Total. 


Weight j»f soliil.s not fat f pounds). 

i i 

1 § 1 

1 

'i 


'*■ 



A 


\ l ' 1 






1 

1 










700-800 

2 2 





! 


800-900 

• 9 : 







900-1,000 

9 I 

>6 1 


. « 


, , 


1,000-1,100 


.^1 ; 

s 




X; 

1,100-1,200 


>4 

.12 

I 




I ,200 -1 ,300 ... 



.17 

10 




1,300-1.400 



8 

.;.S 

; -1 



1,400 1.500 




, 22 

1 * f 



1 . 500-1 ,600 




- , 

25 

3 



: 


^ 85 ^ 74 i 5^) i 23 j 6 I 


4 

9 

3.5 

41 

47 

47 

.50 

.19 
.10 
20 
1 1 
6 
.1 


I 3.15 


These tables show that the variables butter fat and MilKls-not-fat 
are highly cf>rrelated with the amount r.f milk produced. The cor- 
relation coefficient for butter fat and riiilk is r - 0.8644 bo. am! the 
Correlation ratio 7 j = 0.8638 i 0.0093- cx^rrclation c^>efiicient for 

solids-not-fat and milk is r = o.9497 4:0.0036 and the correlation ratio 
is 7^ = 0.9484 + 0.0037. As in the preceding cast‘, these variates are 
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highly correlated. 'I'hc regressions are so obviously linear that it does 
not seem necessary to calculate any of the customary constants for 
determining this, other than the correlation ratio given above. 

In order to obtain the coelficients to measure the relation between the 
butler fat and solids- not-fat for a consUint production of mdk, it is 
ne<'i-ssary to rcsrjrt to correlation of the first order given by the formula 
of kears<ms (ji-jj). 

V I - r, , V * — 

When the correlation bet\veen the butter fat and solids- not-fat for 
a Constant cpiantity r)f milk is thus measured, it is found that the partial 
correlation c<)elTidcnt is r,.,3 -0.49641:0.0278 for the case where the 
dt)Ut>tfiil uliscrvation (shown in parenthesis) is included in the calcu- 
lations and is r 12 3 “0.56351- {;.0252 where this doubtful obser%’ation is 
not included. Tliese correlatitms show that the ])roduction by the 
mammal y gland of butter fat and of solids-not-fat are correlated 
functions. This correlation Ijcing plus it means that an increase in the 
lil)erati<}n nf either constituent of cow’s milk means a coincident increase 
in tlie other. 

'riiis conchisioii is importaJit, as it shows that the factors responsible 
for the increase in the content of butter fat for a given volume of milk 
are in a high degree responsible for the increase in the solids-not-fat 
content in this same milk. It means that the jihysiology of the mammary 
gland in elaborating the milk stdids is such that the release of a certain 
amount of butter fat to t!ie milk also releases a proportionate amount 
of soli(Ls-nt)t-fat. In order to account for this correlation, it is neces- 
sary to e\ plain how the ni»mmaiy gland sorts out the different elements 
into tlie milk to give the ])roportion t>f the butter fat and solids-not-fat. 
f his question refers itself back to the fundamental one of how milk is 
secreted, 

hM'RX.M. V.\KI \TION oK THK CONSTITn: NTS IN COW’S MILK 

lU'fore discussing the direct bearing of these data on the problem 
of the milk sccrctitm a few more important data must be presented. 
It is a well-known fact that the evening milk of a cow is, in general, 
higlier in butter fat than the morning milk. The relation of the evening 
and morning milk for solids-not-fat is not so well known. Table XII 
gi\es this relation for two groups of cows: Those in the first half of their 
lactation yeriod and those in the last half. 

fhis table shows the variation between morning and evening milk in 
tU: percentage composition of the same individual cow. . The sample 
of tivo cx^Bsccutive mornings’ rhilk were made, and aliquot parts of 
each C\>m[Hxsited for analysis. The same holds true for the evening 
milk. Ivach percentage may therefore be said to represent the mean 
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between two days of lactation for inominj^ and for evcniin:; milk. Tlie 
milkings begin in the morning at 4,^5 and in tlie evening at ;v45. The 
interval therefore is shorter between the nioniing-to-evening milking. 

TABl,li XII, --Dility df llir idtiAlilui iOs df n'-'.v's thilh *• 


Cow No 


3 

4 

5 ■ ■ 

6 

7'< 

8 



Average 


lull (if l.i( l.itioii. 




Fat. 

lUH-lat. 

Fat. 

Solid' 

; r <t 

P f/. 

r. c,'. 

/■ .1 

4 

«• .55 

4. 80 

S. sC) 

■ oO 

S. 49 

5. 00 

S. tio 

,3. 00 

8. 48 

5. 50 

8,77 

5. JO 

8- 55 

7. .’0 

8 . 39 

' .V -’rO 

' 8. 76 : 

4. .50 

8. 94 

! 4 - -"O 

8. 79 i 

4. So ! 

8.85 

; 30 

8. 54 

4. 00 

a. 

4. 10 

. 9 - 05 

4 40 : 

0 . .'9 

; . 3 - ()0 

g. OQ 

4 80 

1). 01 

4. 078 i 

8. O-iO 

I 4 - 

■ 8. 7 J. 


. I..IVI hail of 

I 




l'..i 

Solid'- 

nijt-ljl 

. 

Fat. 

^ 3 ( 4 ids- 

r 0. 

}' ,1 

r .t 

/’ (f. 

4 JO 

8. 19 

4 90 

8. 79 

4 40 

8 98 

4 So 

9. J 8 

4 40 

(), (>o 

(>. :o 

9 - S.S 

3, JO 

8 0,3 

4 10 

7 - 95 

9 . 80 

10, 00 

8. 00 

9. 93 * 

4 ^0 

1 8. 95 

5. JO i 

i 9-14 

3. 30 

1 8. J 5 

.3- 80 

1 8. 47 

5 Co 

8.41 . 

4. JO 

1 8. 1 1 

4 SO 

I 8. 58 

4. 90 

1 9 00 

4. .589 

1 8. 777 

i 

1 8. 90 


The atttlior is indebted to tlie Chetnistry’ 1,iii)ur.itory of l hi' .Station for the eareful uiialy^id in 

Tabic Xn. 


The average composition of morning milk in the first half nf the 
lactation is seen by Table XII to be 4.078 jx-r cent butler fat and 8.64b 
per cent solids-not-fat. The average eoiiiposilion of evening milk is 
4.756 per cent fat and 8,7^4 per cent solids not fat . 'riius, the butter- 
fat constituent increases markedly in the evening milk over that of the 
morning. The increase of the solids-nol-fal is not as marked, although a 
slight increase does occur. The signihcaiicc of this increase is supported 
further by the same kind of relationship exhilnted Ijy the iiujining atid 
evening milk of the cows in late lactation. The numbers are not large, 
but the consistency of the increase coniposilion (jf biiUer fat of the 
evening milk over that of tlie morning leads tf) the c<iiirlusion that this 
relation is certainly significant. Tor the increase of solids not fat the 
case is not so clear. It is i>ossiblc that this increase is slightly significant , 
but this seems doubtful. In no case is this rise of the s^ilids-not-fut as 
great as that of the butter fat. This, taken in consideration with the 
fact that the solids-not-fat are more than twice as great in amount as 
the butter fat, establishes the conclusion tliat the butter fat composition 
of milk is affected to a much greater extent by these different times of 
milking than are the other solids. 

This conclusion is further emphasized by the work of I«gle (16) on 
the same question. In the mixed milk of a herd of 25 animals milk 
for a period of 18 weeks the average composition of the morning milk 
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was 2.tj7 ]K*r ct*nt butter fat and 8.87 per cent solids-not-fat, and the 
evening milk was 4.31 i>er cent butter fat and 8.86 per cent sofids-not- 
fat. 

'I'lic significance of these facts as above established on the problem 
of the mo<le of liljeration of the constituents into cow’s milk has been 
overhx^ked. Before 1850 the prevailing opinion held that the milk 
solids were filtered out by the mammary gland from the blood serum. 
This view w-as shown to be incorrect by the fact that lactose is not present 
in the blof>d and the fat percentage of the serum is not sufficient to 
account for tlie fat in a single milking. To replace this old theory, 
three major hypotheses have been put forth to account for the secretion 
of the mammary gland; 

(i) Cells of the gland break loose bodily and disintegrate in the alveoli 
to form the milk solids. 

{2) The portion of the cells toward the alveoli becomes loaded with 
solids, breaks loose from the basal portion, and disintegrates to form the 
milk s<^li<ls. 

(4) 'fhe cells of the mammary gland secrete the materials of the milk 
solids without themselves breaking down. 

In opjx)sition to tiie first theory, it may be said that no such extensive 
cell multiplication is witnessed in the mammary gland as would be 
necesSiirv to replace the cell destruction called for on the theory. This 
disintegration, as pointed out by Heidenhain (rj) for the milk produced 
by some cows in (me day w’onld require the replacing of all cells in the 
udder at least five limes a day, a replacement of cells unprecedented in 
our knowledge (T cell division. 

'fhe ^coud theory, suggested by banger and ably supported by 
Heideuliain {tj), Steinhaus {28), and Brouha (4), lays its foundation on 
histological evidence. According to this evidence, the gland cells lengthen 
out into the lumen of the alveoli. The projecting ends of these cells 
become hKuled with nutrients similar to milk solids. These projecting 
ends disintegrate to allow the escape of these solids. The basal portions, 
including a nucleus, are left to rebuild the cell and to enable it to repeat 
the process. Steinhaus says that, in order to support this rebuilding, 
mitotic divisions are frequent, and that the daughter nuclei which lie 
on the outer txirtion of the cell often degenerate. 

The third theory lays its stress on analogy wHth the other secretory 
glands w’ithout other supporting evidence than the negative evidence 
of Bertkau,{3), who says the disintegration appearing in the secretory 
cells is due to imperfect fixation and that no necrobiosis of any kind 
af^tK'iu'ed . 

The alxive summary of the evidence for the three theories to account 
for the iiitrmiuction of the solids into the milk show's how contradictory 
is the evidence so far presented. This cent radiction, however, is not to be 
wotidcmd at. The examination of the cells of the activeh- lactating 
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mammary gland of a Holstein-Friesian cow sliowed tliat tliey were qiiile 
small. Considered in the light of this small size, it is likely tliat obser- 
vations on the distal end of a cell might be called by one observer the 
destruction of this portion and by anotlier the cell in its natural 
shape. This explanation of the confusion in inteq^retation of obser- 
vations in these bells , is made further probable by the change of shape 
which cells undergo at different stages of lactation. Thus, in the mam- 
mary gland of a bitch when just emptied, Hcidenhain says that the 
cells were high and columnar and in another bitch where milk had not 
been drawn for 48 hours the cells were flat. The weakness of the liis- 
tological evidence is obvious. To the final solution of the problem it 
appears that other evidence beside the liistological observations must 
be presented. 

Some evidence from the physiological side has been presented in the 
foregoing pages of the interaction of the four variables, age, quantity 
of milk secreted, diurnal variations, and the effect of the content of one 
solid on the relation of the other variable, butter fat, or soUds-not-fat. 
These variables give criteria to the cflicacy of the three contending 
hypotheses to explain the release of the milk solids. 

Consideration of the manner of meta*'oiism and energy requirement for 
most bodily functions seems to furnish the explanation of the slight 
negative correlation of butter-fat concentration with the amomil of milk 
produced, where no such correlation exists with amount of milk ])r(>- 
duction and the other solids. Energy has been shown to l)e rc(|uiretl for 
most bodily functions. There does not seem to be any rcas^m tf) snj)pose 
that the mammary gland is any exception to this rule when milk is pro- 
duced. Sucli energy requirement would of necessity be dej>cii^ent on 
the amount of production — that is, the high jjrodiicer will reejuire n»)rc 
energy and to produce this energy will consequently take a slightly 
greater amount of fat that might have gone into the milk, 'I'he other 
solids would not be required to furnish any of this energy and conse- 
quently would show no effect of the amount of milk produced on their 
concentration. The correlations obtained show the associations that 
would be expected with this explanation. 'I he conclusion seems justi- 
fiable that the energy required in the production of milk causes a slight 
reduction in the amount of fat present in the milk of liigli-producing 
cows. 

The maintenance of the fat concentration of the milk throughout life 
and the decline of the solids-not-fat ap]mrently represent the normal 
conditions going on throughout the whole body. It is cf)mmon knowl- 
edge that increase in age generally brings with it a relative di:cre^se, in 
the protein upbuild of the tx>dy and an increase in the fa^. This in- 
creased metabolism of fat appears to extend itself to the mammary 
gland, as well as to other parts of the ly)dy, being just great enough to 
maintain the butter-fat concentration throughout life, whereas- the 
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relative <lvcrtas<(l inLtal>olism of the other solids causes a decrease in 
the ermcent ration of these solids in the milk. 

liy far the l>est evidence yet presented for the secretion theory for the 
lilx ration of the milk solids (the third hypothesis) is given by the diurnal 
variation of tfie constituents of cow's milk shown above. It is very 
dilliciilt to s<‘e why the cell constitution should change in balance be- 
Iwec'ii the solids-no*t-fat and butter fat between morning and evening 
milking on any other theory. Why should the cells discharged in the 
evening contain the ratio a to h of butter fat to solids-not-fat, whereas 
in llu- morning the ratio is changed to a markedly lower value of c to b 9 
On Ihe tirst and second theories the cell must contain a fixed quantity 
of y)!ids-not-fal, while the butter fat varies in such a way that, in a 
longer time l)etween the emptying of the gland, the cell accumulates 
less fat than in the shorter time; or, taken in another way, the cell 
accumulates relatively more protein as the interval between milkings is 
lengthened. 

Our knowledge of fat formation by other cells of the body makes it 
probable that either of these two possible alternatives for the formation 
of tliis milk fat on the celhdestniction hypothesis are inconsistent with 
the facts. In the formation of fat, the cell is first composed chiefly of 
protein material. In this protein material the fat is accumulated in 
t vi r-increasing amounts at the expense and crowding out of the protein 
constituents, 'this change of the ratio of the fat to solids-not-fat is 
just op[K)site to what must take place in the mammary gland on the 
cell (lest met ion hypothesi-s. The ratio of the fat to the solids-not-fat 
in the fat cells increases as the cells increase in age; the ratio of the fat 
to the ^dids-not-iat in milk, derived from the cell breakdown on the 
two destmetion hypothesis, decreases as the age of the cell increases. 
It is hard to Ix-licve that there is such a difference in fat formation going 
on in the body. It is mucli more likely that the mechanism of fat forma- 
lion in the two cases is the same and that the diurnal variation of the 
ratio of butter fat to solids-not-fat is only another phase of the changes 
which take plaev in known secretions, 'the large variations current in 
the amount of milk produced, the variations of the constituents with 
age, tile great and characteristic differences in the composition of the 
milk of two cows of the same breed all add weight to the view that milk 
is se'creted. By analogy, the inamniary -gland mechanism for milk 
secretion would agree with practically all of the glands which secrete. 
Then." is iio^nix'd to assume that rapid cell division is taking place in order 
to maintain the necessary number of cells for breakdown, as called for 
oi\thc ct'll- dost met ion hypotheses, where no such amount of mitosis as 
would be necessary is witnessed microscopically. Further, the secretory 
theory has supporting evidence of whole granules being secreted into 
the saliva by the salivary glands in much the same way as is done in the 
secretion of butter fat. The data supporting the secretory hypothesis 
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are certainly strong, whereas the proof for (lie evil (lest met ion hy|>o- 
theses seems weak when analyzed in the light of the aliove facts, and, 
in tnith, in some particulars is contrary to known facts. The conehi>ion 
that milk is a true secretion seems justified by what we know tT ilu- 
mechanism behind such glands. 

The data above presented give us a criterion to judge (he \ alue of anv 
hypothesis for the origin of the milk solids from a conniuui mollier sub- 
stance, such as has been suggested by riiierUldc-r ( ,’;)and lat<‘r liy 
Landwehr (17), to account for the derivaii(m (T casein and lactose from 
nucleoproteids or glycoproteids of the gland cells liy splitting. The 
correlation of the solids-not-fat and fat might had one ti> supjH^se such a 
comnmn origin for some conijioneiit of siieh solids and the fat. This 
can not be the case, however, as tlie correlation of fat and <»f solids iitit- 
fat with amount of milk and age jirechnhs tluU jmssilulit y, for if such a 
common origin occurred, the fat and solids- not -fat would luvessarily Iv 
correlated to these other varialih-s by eoniparabh* amomils. 'flu* milk 
components arc not ct^rrelated ecpuilly with either milk epuintity ”r witli 
age; consequently, the liypothesis of a common origin is not tenable. 

The correlations fumisli the nevessary evidence for the drt(*rininalioii 
of an important genetic relation between the hereditary factors for the 
concentration of the butter fat and the soli<ls not fat. Sinev the data 
are taken from the presumably homogrmons jiopulatioii of (he advanced 
registry Holstcin-Friesian cows, linkage of factors for milk solids can 
not be used to account for this correlation; for, granting llie liomo- 
geneitv of the pojnilation, the factors are as likdy to be in opposite 
chromosomes as in llie same cliromosomes (hat is, calling oiu* "a” and 
the other '/•/' tile j'areiital cliromosome content wtaihl be: 


rf l> 

<l’l lO’ ‘ll> 


oh 



a 


l> h 

h 


or, reducing down, four chromosomes would be ])reseiit in equal numbers 
ab a b 1'hese bred together would give the random dis- 

tribution, considering that crossing over is as likely to octuir, <me way as 
another. This, however, is not what actually happens in our case. The 
quantity of fat is correlated to the (juantity of solids-not-fat f>cr volume 
of milk. This must mean that semie of the factors respoysible for fat 
concentration are responsible for the concentration of sugar, protein, 
or ash in cow's milk. 
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From the practical side of increasing the solids content of cow’s milk, 
the imjxjrtance of the correlation between the butter fat and the solids- 
n<H'fat should be pointed out. This high correlation between these varia- 
bles allows us to use the determination of the percentage content of one 
as a means of predicting what the content of the other will be. Thus, 
butter-fat content is easily determined by almost any one familiar with the 
balxock test; but solids-not-fat are not so easily determined nor so fre- 
quently rec<jrded. We may, in trying to improve the solid content of 
milk select as breeders those cows which test well with the Babcock appa- 
ratus, and at the same time improve the solids-not-fat content of the 
milk. 

SUMMARY 

This pajHir is the fourth of a series of studies on milk now being con- 
ducted in the Biological Lab<jralory of the Maine Agricultural Expferi- 
rnent Station. The data for this study are taken from the semiofficial 
year record of the pure-bred Holst cin-Friesian cows, compiled and super- 
vised by tlie Holstein-Friesian Association. 

([) The means, standard deviations, and coefficients of variation are 
given for these year records. I'he mean annual ])roduction of these ani- 
mals was 15,417 pounds of milk, 5:8 pounds of butter fat, 1,303 pounds 
of solids-not -fat at a mean age of four years. The standard deviations are 
3,742 ]x>unds of milk, 134 pounds of butter fat, 260 pounds of solids-not- 
fat, and two years. The coefficients of variations are, respecti\ely, 24, 
25, 20, and 50 ]>er cent. 

(2) Comparison is made of 1 lolstcin-Freisian milk with tlie milk of 
other l)reeds and other spci*ics. 

(3) Correlations are presented between the variables hulter-fat ]:>ercen- 
lage and amount of milk produced, butler-fat percentage and age at 
test, solids-not-fat percentage and amount of milk, and s(^>lids-not-fat and 
age at test. These correlations lead to the following conclusions: (a) 
As the amount of milk given by the cows in this tost increases, the per- 
centage connwsition of butter fat decreases. The amount of this de- 
crease is highly signilicant, measured statistically. Considered practi- 
c:dly, this fall in butter-fat content would not be easily detected in small 
sitinples. (b) The correlation between the age at test and butter fat is 
not significant, (c) Tlie correlation between the amount of milk pro- 
duced and the percentage of solids-not-fat is not significant; or, put in 
another way, the quantity of milk produced for one year is independent 
of the concepuation of the solids-not-fat. This, from a genetic view- 
point, means that the hereditary factors for high or low milk production 
arc separate and distinct from those causing a high percentage of solids- 
not-fat. (d) Jdie correlation of age at test and solids-not-fat is -0.2191 ± 
0.035 r -that is, as the age of a cow increases, the solids-not-fat percen- 
tage of the milk decreases, (c) The constants for the linearity of re- 
gression are given. They show the regressions to all be linear, (f) 
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These conclusions give us two variables whicli inlliicnce the concentration 
of butter fat and solids- not-fat differently. 'I'liis difference in action of 
these variates proves that the butter fat and the solids- not -fat can not 
have a common mother chemical from which they are derived from sjdit- 
ting. 

(4) Correlations are presented between the variables, ixnnids of milkp 
butter fat, and solids-not-fat. l{acli variable is highly con elated, the 
correlation ranging from r- 0.86444; o.(X)o^^ tor 0.9497 ito.mvy. In 
each case the regressions are linear. The partial correlation between 
butter fat and solids-not-fat for a constant value of the milk is found 
to be 0.5635 ±0.0252, This correlation, together with those above, fur- 
nishes the data necessary to establish the conclusion that some of the 
factors responsible for high concentration of butter fat are also res|X)n- 
sible for high concentration of some of the solids not-fat in cow’s milk. 
Another important practical conclusion may be drawn from this correla- 
tion; that if it is desired to improve either the butter fat or solids-not-fat 
concentration in a given herd the determination of the ctmcentralion of 
either solid will also result in an increased concenliatu)n of the other 
solid* 

(5) Data on the diurnal variation of cow’s milk are piesciiie<l. These 
data show that the morning milk is between 0.678 and 0.723 per cent 
lower in butter fat than in the evening milk throughout the whole lac- 
tation. No appreciable difference occurs in the s<>lids-not-fat. These 
data offer criteria between the theories to account for the secretion of the 
milk solids. In the cell-disintegration theories the cell must contain a 
fixed quantity of solids-not-fat, while the butter fat varies so that in the 
longer interval between milkings the cell accumulates less fat tiian in the 
short time; or, taken the other way, the cell contains relatively more 
protein and sugars than fat as the interval between milkings lengthens. 
This is contrary to our knowledge of fat formation, for it is commonly 
accepted that first comes the cells comi>oscd largely of protoplasm and 
that as time goes on this cell is more and more loaded with fat at llie ex- 
pense of the protoplasm. Unless these mammary cells liehavc very di ffer- 
ently in the formation of this fat than other lx)dy cells, this variation is 
enough to discredit seriously the hyix)tliesis of cell disintegratum to ac- 
count for these milk solids; and in fact, to make it an absurdity. Inir- 
thermore, so far as our knowledge of the variations of secretory glands 
goes, the variations of the milk fall in well with the secretory hypothesis 
to account for these solids. 
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NEW BIOLOGIC FORMS OF I'l'CCINIA GRAMINIS’ 

[rRHUMINARY rAl'FK) 

By E. C. Stakman, Heati of SiXtion of I'otholo^) , DcpatimxyU of Pa- 

thology, Botany, and Dtfaflment of AgriatUurc, I'uiiot.^ify of Mifnwohi; M. N. 

EevinK, Field Assistant, Bureau of Plant Industry, I 'nil, d States Ptfartment of 

Agriculture; J. G. Leacii, Shrilin I'ellox, I'niu-t.aly of Minth'.sola 

COOPERATIVE INVEST! G ATI OXS HICTWEE.N THE, AGRICUETIJRAI. i:XEEHIME\T 

STATION OF THE UNIVERSITY OF MINNESOTA AN!) THE HUUllAU OE PI. ANT 

INUUSTRY OF THE UNITED STATES DEPARTMENT op AE.RlCUI.TUkE 

Several biologic forms of Pua inia (/mipiphV on ^vlK‘;a [Triticum spp,) 
have been described. Originally /^ nraminis hifui was snpjxispd lo be 
the only fomi capable of attacking wlicat varieties. None of the oaii- 
mon wheats {T. aesHvum) was resistant to this forni, altlmugh several 
varieties of durum {T. durum), emmor {T. i/iVr>t'c//m), and einkorn 
(T. monococcum) were either resistant or almost ininuino. 

The first demonstration that there was more than one form of stemrust 
on wheat was made in 1916 w^hen i\ (tramirus iritu i-compaxti was de- 
scribed.’ This form proved to be esjieeially interesting and signilicant 
because it could not infect the hard spring wlieats normally, but devc]o[X'd 
well on soft wheats. It was also found that many of the liard winter 
wheats were resistant to the new form. The range of ])arasitism of 
the second form was therefore narrower than that of the ordinary 
P. graminis triiici. But in 1918 Melchers and Parker* found that 
Kanred, Kansas P. 762 (Cl 5146)/ Kansas P. 1066 (Cl 2H79), and 
Kansas P. io68 (Cl 58S0), three selections from the Crimean group 
made at the Kansas Experiment Station, weic almost immune to 
P. graminis triiici. These selections were also found to be moderately 
resistant to P. graminis tritici-compadi, and they therefore scenltd to 
be resistant to the stemrust of wheat. Cater .Melchers and Parker 
found a form which infected Kanred and the two otlier selections nor- 
mally. Levine and Stakrnan ” and I/^ach ’ had Ijegun an intensive 
study of the parasitic capabilities of fomis of P. (jrnmvns on varieties 
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of wheat and other species of Triticura, and also found a form which 
develojH'd rnmnally on Kaiired/P. 1066, and P. 1068. It was clear from 
these results that the new forms could therefore do something which 
neither of the two other fonns could do. 

but none of the known forms could infect White Spring eraraer (Minne- 
srjta 1165), dunim (Minduni, Cl 5396), and several other varieties, mostly 
duruins. It was perfectly evident from the work wTth P. graminis 
trUici comfnicti ’ arul tfie two other new forms that the biologic specializa- 
tinii within the genus Triticuin could only be determined by testing 
many species and varieties and tliat there was a strong probability 
tfiat forms of rust would bo found which were capable of attacking 
varieties resistant to all kn<nvn forms of stem rust. This is exactly what 
has l>eeii found. A Pjrin was found which infected White Spring emnier 
and Mindtim iionnally. 'flic work has contimied until about a dozen 
forfus }ia\ e been found up to the present time (Oct. i, 1918). 

Ab«>ut 25 varieties and strains of Triticum aestiium, T, durujyi, T. 
coml^fu innt, 1\ diiiu cnm, and 7 '. momcoccum are being used as differ- 
ential hosts, and no variety so far tried is resistant to all of the rust 
forms except Khapli (Cl 40^^), an enmicr originally imported from 
India. Soine of the forms are v^cry virulent on many varieties, while 
others are weak and can attack only a few varieties successfully. Stniie 
lorms (1 liter from each other only in their actitm on one or two varieties; 
hut these dilTereiiccs are definite and consistent. No attempt has yet 
been made to name tlie recently discovered ft)rms. 

'fhe factois governing the distribution of the fonns are not at all 
clear. .Material lias been collected from 27 States and most sections 
of the country are represented. Two distinct forms have often been 
isolated from the same lot of material, and at least four have been found 
in Minnesota. 

The fact that there are so many biologic forms of stem rust on wdieat 
seems to be of profound significance in at least two ways. It is an 
additional reason for eradicating the nist-susceptible varieties of bar- 
berry {Huh r is spp.), and it is of the greatest importance in tlie work 
(»f breeding wheats ftu rust resistance. 

Many of the virulent forms seem to occur in the Northern States, 
where everyone will now concede that the barberry is of tremendous 
importance in the persistence of steinrust from year to year. Eradicate 
the common barlx?rry and there is reason to believe that these fonns 
may gradualjy die out entirely, or at least be reduced to a condition 
bordering on impotence. The fact also that in the South and on the 
Pacilic coast, where barlx^rry does not rust commonly, the forms of rust 
seem to be more unifonn than in other regions certainly lends some 
Color to the view that the barberry may have some effect on their devel- 
opment. A hypothesis that forms may have originated by hybridiza- 
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tion on the barberry may be worth investigating. Of course mutation 
and adaptation must be cronsidered also in any attempt to explain how 
so many fonns originated. 

The fact that the same variety of wheat may be iimmme in one 
locality and susceptible in another is clearly explained. Fonncrly 
recourse was taken to the theory that the environmental conditions 
changed the physiologic processes and materials ttf wheat varieties so 
fundamentally that the resistance of the plants broke down. Tiie real 
explanation of this phenomenon however is the faet that there are 
many biologic forms of the rust fungus. This has aeiually been detuiui- 
strated in Held experiments. There is also ]>ieliiiiiiiaiy evidviiee to 
show that the same thing may be true of Piuriitui (rtfkitui on wlieat. 

Methods for breeding for rust resistance nm>t be changed fmula* 
mentally — if indeed it is worth while to do such wuik at all until more 
is known about the specializxition of the rust fungus. 'I'he biceiler must 
know^ and work with those forms of rust which oeenr in llie region for 
wdiicli his new variety is intended; and even tluai l)ree(liug must be 
very largely a regional or even a local problem. I'or iiistanw, ni the 
breeding plots at tlie Miiinesota Agricultural lv\periiiicnt Station cer- 
tain varieties were practically immune to stemrust, Init rust forms 
have been found within 50 miles of the {dots which c;ui attack tliese 
varieties so heavily as to make them w’ortliless for rust resistance. 

The discovery of so many forms of stein rust on wheat coiiiplicales 
the rust problem seriously. 1 extensive cxj)erin!enls are under way to 
determine the number, characteristics, and disti ibutioii tif Idologic 
forms as well as their constancy aiui j^rulrabk* origin. 
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